SUMMARY The role of myogenic electrical activity in the coordination of circumferential contraction of the human colon circular muscle was investigated. Five 
colon`and were associated with transit of colonic contents.' The long spike bursts were particularly prevalent after stimulation by a meal or by neostigmine.`Regular appearance of such spike bursts is not commonly observed in in vitro preparations under unstimulated conditions. We recently observed that cholinergic stimulation could induce bursts of spiking activity similar to those described in vivo," but their propagation characteristics were not examined. This study set out to test the hypothesis that cholinergic stimulation of human colonic circular muscle induces a specific pattern of activity that is synchronised over a segment of bowel in a pattern similar to neostigmine and meal induced activity in vivo. Furthermore, it was to be investigated whether such a pattern was a consequence of periodic neural input or because of intrinsic properties of the muscle cells. Furthermore, the relationship was to be 10 Electrical correlate ofcircumferenttial contractions in human colonic circuilar muniscle explored between spike bursts and the slow wave activity of the human colon.
Methods

TISSUE PREPARATION
A circumferential ring of colon (1.0 cm wide) was removed from 10 patients undergoing surgery for cancer. The muscle was taken from the distal colon at least 5 cm away from the site of cancer and was histologically free of tumor and inflammation. The segments were immediately put into oxygenated Krebs solution and sent to the laboratory for preparation. The ring was opened and with the mucosal side up the tissue was pinned flat to the Sylgard bottom of a dish containing continuously oxygenated Krebs solution. The mucosa was removed by sharp dissection. A thin layer of submucosa remained attached to the circular muscle layer.
RECORDING SET UP
The tissue segments (5 mm x 50 mm) with the circular muscle bundles visually in line with the long axis of the preparation, were mounted in an organ bath by means of silk threads, with circular muscle facing up. Electrical and mechanical activities were recorded using monopolar suction electrodes, placed on the surface of the circular muscle layer, and force displacement transducers (Grass FT.03C, Grass Medical Instruments, Quincy, Mass, USA) respectively (Fig. 1) . Both electrical and mechanical activities were recorded on an eight channel ink writing recorder (Gould). The strips were allowed to equilibrate without stretch at 37°C for 45 minutes. Thereafter, they were stretched up to the maximal length that did not produce any measurable tension. Studies were done at 150(% of this length (L,) which was found to be the length at which the spontaneous contractions were greatest -that is, the optimal length (Lj) for these preparations. Activity measured under these circumstances was called spontaneous activity. This term should not be regarded as a synonym of either myogenic or unstimulated activity as stretch and/or activity of enteric neurones may contribute to the activity recorded under these conditions. Four or five electrodes were placed with a distance of 5-7 mm between each two electrodes (Fig. 1) amplitude, and hence, the exact starting point of the periods of activity could normally not be measured.
Results
The electrical activity of the circular muscle of the human colon consisted of slow wave activity at variable frequency and superimposed spiking activity (Fig. 2a) . Three patterns of slow wave activity could be distinguished: (a) continuous activity at a frequency varying in time, (b) continuous electrical activity at a constant frequency (Fig. 2a) , and (c) periods of slow wave activity (15-60 s duration) alternating with periods of relative electrical quiescence (Fig. 2b) .
PATTERNS OF SPONTANEOUS ACTIVITY
The predominant pattern of activity, observed without intrinsic stimulation, was the one described above first. The activity is represented by Fig. 2a and occurred in six of nine segments of tissue. The slow wave frequencies ranged from 8-30 cpm (mean= 17.1±2.0). The contractile activity associated with this type of electrical activity was irregular in shape and frequency (Fig. 2a) . Synchronisation was 9±10%.
In two of the nine segments regular periodic slow wave activity was observed (Fig. 3a) . This type of activity showed a high level of synchronisation (90±5%). The slow wave frequency was 23±1 cpm, the burst frequency 1.1 ±0.3/min and the burst duration 25±15 sec. Regular phasic contractile activity occurred only with this type of electrical activity. This spontaneous activity was not blocked by atropine (10-6M).
In one other of the nine segments, continuous slow wave activity was observed at 12 cpm at all recording sites (Fig. 4a) , and showed 80% synchronisation. The individual slow waves occurred without time lag at the different recording sites. This activity was associated with a tonic contraction with superimposed smaller contractions at the frequency of the slow waves.
Characteristics of the synchronisation of activity did not change significantly when intrinsic nerve conduction was blocked with tetrodotoxin (5x 10-7M, which blocked field stimulation induced relaxation in this tissue). Synchronisation of activities amounted to 41±9% (n=9) in 'TTX compared with 32±16% without TTX (p>0-05). When regular periodic activity occurred in the presence of TTX, 100% synchronisation of electrical activity was seen (n=3). In these preparations, the slow wave frequency, was 23-3±5-2 cpm, the burst frequency 0.7±0-2 per min, and the burst duration 46±17 sec (n=3).
Stretch was a necessary condition for electrical activity to occur (Fig. 4a) . With blockade of neural activity, stretch was probably the predominant stimulus present under our in vitro conditions. Changes in stretch did not give consistent changes in the patterns of activity possibly related to limitations of movements of the muscle segment by suction electrodes.
PATTERNS OF ACTIVITY WITH CARBACHOL
STIMULATION
Cholinergic stimulation with low concentrations of carbachol (5x10`8M; n=9), resulted in a constant slow wave frequency at all recording sites in seven of nine preparations (24.4±1.9 cpm). At this concentration, however, periodic activity developed which was irregular in duration and different at most recording sites which resulted in synchronisation of 28±14%.
With carbachol, 2x 10-M, the slow wave frequency was the same at all recording sites (22.2±1.9 cpm; n=9). In six of nine segments, regular periodic activity occurred (Figs. 2b, 3b ) at 1.1 ±03/min. The duration of a period of activity was 37.1 ±60 s. In preparations which spontaneously exhibited periodic activity, carbachol increased the period frequency (Fig. 3b) . Synchronisation was 92±5% (p<0.01 compared with control) and the periods of activity occurred simultaneously around the circumference. In three of nine segments, regular periodic activity did not develop with this concentration of carbachol and synchronisation was 46±7%.
With carbachol, 10`6M, (n=4) synchronisation reached 96±5% (p<0-01 compared with control). All preparations showed regular periodic activity at 1-9±0-1/min. The duration of a period of activity decreased to 13.8±1l7 sec (p<0-02). Carbachol induced increase in intensity of spiking activity. Occasionally, the slow wave-spike activity merged into prolonged bursts of intense spiking activity.
Carbachol induced activity was blocked by atropine (10-6M). Development of synchronisation was caused by carbachol and not by a time dependent phenomenon. Activity observed in Krebs solution for one hour did not change significantly in two subsequent hours (n=3). Stretch could modify responses to carbachol. When irregular periodic activity occurred in the presence of carbachol (2x 10-7M), release of some stretch could increase the regularity of the periodic activity (Fig. 4b, c Cholinergic stimulation induces regular periodic slow wave activity with superimposed spiking activity which is synchronised over the length of the segment studied. This synchronised electrical activity results in regular phasic contractions at the frequency of the periods of electrical activity (-1/min). The response to carbachol is mediated by muscarinic receptors since it is blocked by atropine.
The periodic activity in the continuous presence of carbachol is not because of periodic input of neural activity as it occurs in the presence of TFX. Intrinsic properties of the muscle cells are responsible for the carbachol induced pattern of activity and discussion about the mechanism by which carbachol changes the electrical activity remains speculative. Carbachol might increase calcium conductance, thereby increasing amplitude of slow waves and increasing spiking activity. Both slow waves and spikes are sensitive to calcium influx blockers. 16 Calcium, accumulating intracellularly during the carbachol stimulation might turn on a potassium conductance which would block inward current and result in the period of relative electrical quiescence. A similar mechanism has been proposed for neurones showing bursting type action potentials.'7 Concurrent with changes in ionic conductance, carbachol might increase cell to cell coupling. Such coupling was shown to be sensitive to a variety of agents. '8 Periodic synchronised activity, as induced by carbachol, occasionally occurs 'spontaneously', that is without addition of excitatory substances into the organ bath. This synchronised activity is not mediated by intrinsic cholinergic nerves as neither TTX nor atropine abolishes it. It is dependent on stretch, however, and thus, the specific patterns of activity, associated with synchronised circumferential contractions are only observed when the tissue is appropriately stimulated, with stretch and cholinergic substances as possible stimuli.
The periods of slow waves of increased amplitude described in this study have a duration of 10-45 sec and the slow wave frequency is 20-40 cpm. Such periodic activity has been observed in vivo in the human colon.`'9 There is a strong correlation between this type of slow wave activity and spiking activity not only in vitro (this study) but also in vivo21 (see also Fig. 6 in reference 22) . In in vivo recordings where slow wave events are filtered out, long bursts of spikes between 10 and 45 sec are observed,58 and these bursts are frequently seen to propagate after stimulation.i 72' Furthermore, such propagating spike bursts are associated with propulsive motor activity.8 The present study suggests that the propagating long spike burst observed in vivo is controlled by periodic high frequency slow wave activity.
The present study presents evidence that the electrical correlate of circumferential contractions is different in man compared with the most commonly studied animal models."2""2 Synchronised circumferential contraction of circular muscle of the human colon only occurs after development of a specific stimulus induced pattern of slow wave-spike activity which occurs concomitantly with increased synchronisation of the electrical activity.
